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CHAPTER I 
A UNIT ON ATOMIC E1IERGY 
STATEMENT OF THE PROBLEM 
The era of atomic energy began August 6, 1945. 
Ni nety-nine per cent of the world had no voice in t h e 
decision to introduce atomic power, yet one hundred 
p er cent of the world must learn to live with it. If 
we fail to learn how to live with it, civilization will 
suffer. It is t he United St a tes who is morally respon-
s ible for t he use of atomic power in the destruction 
of human life. Yet, many responsible people say that 
the reason V/e are not fighting with Russia now is 
because she is afraid of our supp ly of atomic bombs. 
i.\le anwhile, civil defense programs have begun to prepare 
civilians for an atomic attack . Elementary schools have 
atomic bomb drills. Peop le in l ar ge cities are p lanning 
to build atomic bomb shelters. The entire nation is 
concerned, confused, and awe d by potential atomic warfare. 
To a large extent, individuals are facing t h e unknown, 
and t hls lea ds to fear. More peop le are afraid of the 
future today than during World War II. Not only ar e 
adults afraid, but t he emotion is transferred to their 
ch ildren. Hi gh school pupils are acutely concerned with 
the future of t h e world and their future as related to it. 
The best weapon aga inst fear is understanding . This is 
- -----------
1. 
the major reason for deciding to choose ATOM:IC ENERGY 
for a Unit subject. It must not be forgotten, however, 
that the behavior of the future leaders and voters o£ 
this nation can be directly related to the educative 
process. If our citizens do not understand the enormous 
impact of atomic energy, both constructive and destruc-
tive, on civilization, they cannot be expected to vote 
or act rationally when dealing with problems related to 
atomic energy. It is the pUl"pose of this unit to help 
the pupils understand the greatest source of energy yet 
discovered. It is hoped that the understanding, 
obtained as a result of this unit, will help the students 
become aware of their responsibilities as citizens of 
the atomic age. 
THE LOCAt SITUATION 
Permission to teach Atomic :E::n.ergy to a chemistry 
class of. 26 seniors in ri''Iilford High School was granted 
by the assistant superintendant of schools of Milford, 
Connecticut. 'rhis permission was necessary because I 
was not a member of the Milford Public School teaching 
staff. The class was considered by the assistant super-
intendant and their regular tea cher to be of above aver-
age mental ability. TI1is was substantiated by the scores 
on the Otis Quick Scoring Mental Abilities test of the · 
class which ranged from 100-125 with a mean of llt~ . 
2. 
The classroom used throughout the unit was the 
physics laboratory. A better classroom was not avail-
able due to the overcrowded school system which necessi-
tated the use of all existing space and also made a 
double session plan necessary throughout the school 
system. It was extremely difficult "to establish a 
good teaching-learning situation. in the laboratory, as 
the students faced each other across the tables and were 
at right angles to the teacher. This is illustrated 
in the diagram shown in Figure I. 
3. 
X 
X 
X 
X 
FIGUHE I 
DIAGRAM OF THE LABORATORY IN VVHICH ATOMIC ENERGY V'iAS TAUGH 
Teacher's 
Desk 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Laboratory Table 
X X X 
X X X 
X X X 
X X X 
X X - pupil 
4. 
5. 
======~~==~===========================-=-=-=-~-=~=======================~F========= 
CFL~PTER II 
UNIT ORGANIZATION OF ATOMIC ENERGY 
GENERAL STATEMENT OF THE UNIT 
David Lilienthal~ former chairman of the Atomic 
Energy Commission, has given an excellent general statement 
for this unit. He said, "In this democracy atomic energy 
must belong to the people; and the people will have to make 
the decisions that govern its use. If their decisions are 
to be wise ones, they must be based on knowledge of what 
atomic energy is and what it can do. 11 
DELIMITATION OF THE Ul.HT 
1. Atoms are composed of protons (positively charged 
particles which are found on the nucleus), neutrons (neutral 
particles found on the nucleus), and electrons (negatively 
charged particles, much lighter than protons, which revolve 
in orbits around the nucleusJ. 
2. Certain heavy elements are unstable and give off 
particles from the nucleus and eventually turn into elemen ts 
of lower atomic nmnber. These elements are said to be 
radioactive. ~ney give off: alpha particles which are com-
posed of two protons and t wo neutrons; beta particles which 
are high speed electrons which come from t h e nucleus and 
gamma rays which are like high speed X-rays. 
1. Lilienthal, David. Life Magazine. Vol. 26. 
3. An element can only be changed into a differ-
ent e·lement Vihen the number of protons is changed. 
4. Ordinary chemical reactions take place between 
the electrons of the outer orbit. Nuclear reactions take 
place on the nucleus of an atom and can only be accom-
plished by two means:. (1) when it occu:rs naturally as in 
radium because the element is unstable, and (2) when it 
is bombarded by some small particle which hits the 
nucleus and either sticks or knocks something else out 
of the nucleus. Atomic bullets are either alpha particles, 
protons, or neutrons. 
5. When an element is changed into a different 
element, it is said to be transmuted. 
6. The atom smashers are tec1Lnically called 
cyclotrons or betatrons. The purpose of them is to add 
speed to subatomic particles and then aim them on the 
target to be transmuted. 
7. When the nucleus of an atom picks up an 
extra neutron, it often becomes radioactive and will 
change into another element. This is called artificial 
radioactivity. 
8. vVhen uranium with an atomic weight of 235 is 
hit by a neutron, it splits into two parts, barium and 
krypton, and also gives off three neutrons. In this 
reaction, the weight of the products are not equal to 
' · ch-maan 
6. 
matter has been lost. However, this matter has been 
changed into energy according to Einstein's law which 
says that energy equals the mass lost times the speed 
or light squared. This gives the power to the atomic 
bomb. The three neutrons which are released act as 
bullets for other uranimn atoms and this is responsible 
for the 11 chain re~ction11 • When one atom is split, it 
in turn can split 2 or 3 more atoms with the neutrons 
it released, these atoms release more neutrons which 
can split more atoms, etc. 
9. However, uranium in nature is a mixture of 
two atomic weights, 235 and 238. Only one atom in 140 
is U-235. The first problem, then, in making the atomic 
bomb was to obtain pure U-235. This was accomplished 
by three methods: an electromagnetic process, a diffusion 
process, and a centrifuge method, at Oak Ridge, Tennessee. 
10. However, it v1as found that another element 
could also release a lot of ener gy but it is not found 
in nature; it must be made. This element is plutonim~. 
It can be made by transmuting U-238 ¥rlth neutrons. The 
neutrons ai'e obtained from U-235 which is allowed to 
react in a pile. A pile consists of a large graphite 
block in which the U-235 and U-238 are mixed in long 
tubes. The graphite prevents an uncontrolled chain 
reaction so there is no damage done. When the U-238 has 
been changed into plutonium, it is removed and purified 
and can then, under proper conditions, undergo a chain 
reaction and release a laree runount of energy. The first 
bomb dropped on Hiroshima was made of U-235, while the 
Nagasaki bomb was made of plutonium, which was made at 
Hanford, Washington. 
11. There must be at least a given amount of 
U-235 or plutonium before a chain r eaction can take place. 
~Dis is called the critical size. Therefore, pure U-235 
and plutonium can be stored as long as they are not stored 
in amounts exceeding the critical size. ~ne bomb consists 
of at least two parts of explosive jus t under the critical 
size which are forced together at the time the explosion 
is desired. When it exceeds the critical size, it exp lodes. 
12. Isotopes are different forms of one element, 
having, of necessity, the same atomic nuraber, but having 
diff ering atomic weights. The difference is due to the 
nmnber of neutrons. 
13. A hydrogen bomb is theoretically possible 
because in this case, an element of a higher atomic number, 
probably helium, would be formed, and energy would be 
changed into matter. This process will also release 
energy. It is probable that a plutonium bomb would be 
necessary to start a hydrogen bomb. 
8. 
14. Radioactivity is the only way that atomic 
bombs differ from ordinary bombs, except for the extent of 
the destruction. 
15. Isotopes have the same chemical properties 
as the naturally occurring elements; however, the 
physical properties differ slightly. 
16. The half-life of a radioactive element is the 
time required for half of it to disintegrate. 
17. Tracers are radioactive substances which are 
used in medicine or industry and can be followed or 
traced by means of a Geiger Counter. 
18. The transformation of U-238 into plutonium is: 
U-238 plus a neutron equals U-239 which is unstable and 
break s down into Neptunium (atomic number 93) by losing 
~ beta electron. Nept~Ulium, in turn, breaks dovm into 
Plutonium (atomic number 9L~) by losing another beta 
electron. 
PROBABLE I NDIRECT LEARNING PRODUCTS FOR PUPILS 
It is hoped that the pupils will have: 
1. An increased tendency to rea d articles pertaining 
to atomic energy. 
2. An attitude of responsibility toward the future of 
atomic energy. 
3. An appreciation of the tremendous technical skill 
involved in manufacturing an atomic bomb, but the 
9· 
relatively simp le chemica l facts involved. 
4. An ability to see the relationships in atomic structure 
which would result from a problem-solving attitude 
and clear t hinking . 
5. Increased technical knowledge on specific aspects of 
atomic energy resulting from committee work. 
6. A realization that world peace is the only answer to 
the threat of the atomic bomb. 
PROBABLE I NCIDENTAL LEARNING PRODUCTS FOR PUPILS 
1. It is hoped t hat the pupils will gain an appreciat ion 
of the amazing order of the universe. 
2. It is hoped that the pupils will develop an increased 
skill in working by themselves. 
3. It is hoped that the pupils will have an increased 
feeling of self-reliance as a result of this more 
mature method of learning . 
4. It is hoped t hat the pupils will have increased 
ability to exp lain involved subjects to others. 
THE UNIT ASSIGNI'Jl.ENT 
Time allotment - 12 forty minute periods. 
Introductory activities: 
The subject was introduced to the class by a 
March of Time film entitled 11 Atomic Power". Mimeographed 
questions were distributed to each member of the class 
10. 
bef ore the p icture was shown, and these questions were 
discussed immediately following the film. 
One lecture, a review of atomic structtwe, was 
given before the subject was discussed technically. 
It was felt that without an adequate understanding of 
atomic structure, the pupils would be handicapped in this 
unit. A pre-test was given before this lecture was 
presented, and the weaknesses of the class were obvious. 
Core activities: 
In addition to t he study guide, each pupil was 
expected to work on a committee. The committee topics, 
as determined by the pupils in class discussion, con-
sisted of the following problems: 
The industrial aspects of atomic energy 
The political aspects of atomic energy 
The medical aspects of atomic energy 
The destructive effects of the atomic bomb 
The development of the atomic bomb 
The defense against the atomic bomb 
Study and Activity Guide 
Directions to Pupils: This is your assignment 
sheet. You may work at your ovm speed and in any order 
you choose. The completed assignment will be due at the 
January 29th meeting of the class. when you have com-
11. 
pleted this and would like to do more work on this sub-
ject, ask for another list of activities. Everyone is 
required to do all of this work. 
1. Alchemists tried for many years to make gold 
from some other substance. Why didn't they succeed? 
Can gold be ma de from another substance today? By what 
method? Could you do it here in this labora tory? 
2. Show what happens when an atomic bomb made 
of uranium-235 explodes. Write down the nuclear reaction 
and diagram the chain reaction. 
3. Certain elements are naturally radioactive. 
uYhat is meant by this? Describe in detail. Name an 
element which is naturally radioactive and describe what 
happens to it. 
4. Chlorine has three different isotopes, one 
with an atomic ·weight of 34, another with an atomic 
weight of 35, and the third with an atomic weight of 37. 
V'vby aren 1 t they three dii'ferent elements? Would you 
expect them to behave the same way in a chemical reaction? 
~~y? Are their physical properties the same? Vihy? 
Doe s chlorine with an atomic weight of 35.46 consist only 
of one isotope? Should elements that exist only as one 
isotope h ave weights such as 14.5 or 28.68? Vf.hy not? 
5. Vfhat is atomic energy? Bring in at least one 
current newspaper or magazine article which is conce.rned 
12. 
with it. Read the article carefully and v~ite your 
comments (100 words) concerning: what the article sai d, 
how it affects your life, or how it affects the life of 
some comrmmi ty. 
6. vn~at is meant by a tracer? How is it used as 
a research tool? What doe·s the term 11half-life 11 mean? 
What is the half-life of uranium, of radium? Is the 
comp lete life of an element twice the half-life? Explain. 
7. Discuss the difference between an ordinary 
chemical reaction and those involving atomic energy or 
radioactivity. For the ordinary chemical reaction, 
take the formation of bromine from sodium bromide, a d 
use the breakdown of radium for the radioactivity example. 
8. Write a series of short statements of facts 
which you think an individual must know in order to 
understand atomic energy. 
9. Write a paragraph explaining the follovTing 
terms in your ovm words: a. atomic fission, b. atomic 
pile, c. Geiger Counter, d. nep tunium, e. plutonium. 
10. Write at least a 300 word essay on uThe 
Importance of Aton ic E:nergy in our World IJ.1oday11 • 
THE PRE- TEST AND POST TEST 
Directions: For each of these questions, select 
the one best answer; place the correct letter in the 
parentheses on the answer sheet. 
13. 
- ====jiJ-=1 =-=~--========== 
1. The oxygen atom has an atomic weight of 16 and an 
atomic number of 8, how many neutrons does it have? 
a. LJ. 
b. 8 
c. 16 
d. 32 
2. All atoms contain: 
a. electrons and neutrons 
b. protons and neutrons 
c. electrons and protons 
d. neutrons, electrons and protons 
3. The number of neutrons in a given element may be 
found by: 
a. subtracting the atomic number from the atomic weight 
b. adding the atomic n1Lmber and the atomic weight 
c. doubling the atomic number 
d. the atomic number - they are the same 
L~. An element with an atomic number of 48 and an atomic 
weight of 115 has how many protons? 
a. 115 
b. L_8 
c. 24 
d. 67 
e. 96 
' 5. An element ·with an atomic number of 92 and an atomic 
weight of 238 has how many electrons? 
a. LL6 
b. iL~6 
c. 238 
d. 184 
e. 92 
6. Sodium has an atomic m:unber of 11 and an atomic weight 
of 23, how many neutrons does it have? 
a. 23 
b. 22 
c. 12 
d. 11 
e. 0 
J.4. 
7. Ordinary chemical reactions take place: 
a. between the electrons on the outer rings 
b. between the nucleus of two different atoms 
c. between the electrons near the nucleus 
d. between the extra neutrons 
8. Some elements may have as many as three different 
atomic weights but the atomic number is ahYays the 
same. \Vhat are these different forms of the same 
element called? 
a. neutrons 
b. tracers 
c. isotopes 
d. protons 
e. fission 
9. An element may be transforme d into a different 
element only by: 
a . heating with an element with an opposite valence 
b. removing or adding electron s 
c. removing or adding neutrons 
d. removing or adding protons 
e. treating it with X-rays 
10. Atomic energy is: 
a. the energy released in a chemical reaction, for 
exrunple, lighting a match 
b. the energy released when the nucleus of an atom 
is split 
c. the energy released by TNT 
d. the energy released by the electrons of an atom 
during a chemical reaction 
11. One reactions starts another reaction v1hi ch starts 
another reaction, etc. \I'>Jhat is this type of reaction 
called? 
a. lightening flash 
b. flash reaction 
c. explosive reaction 
d. chain reaction 
e. dynamic reaction 
12. Vfuen sodium combines with chlorine to f'orm salt, the 
sodium atom : 
15. 
a. loses 2 electrons 
b. gains 2 electrons 
c. loses 1 proton 
d. loses 1 electron 
e. loses 3 electrons 
13. In potassium sulfide the sulfur atom has: 
a. lost 2 electrons 
b. gained 2 electrons 
c. lost 1 proton 
d. lost 1 electron 
e. lost 3 electrons 
ll.j.. Pure mercury has: 
a. more electrons than protons 
b. more protons than electrons 
c. the same number of protons and electrons 
d. only protons and neutrons 
e. only protons and electrons 
15. The element, uranium, can have two atomic weights, 
U-235 and U-238. The difference between the two is: 
a. 3 neutrons 
b. 3 protons 
c. ~ electrons d . protons 
. e. 6 electrons 
For each of these questions select the correct answers. 
Place the correct letters from the correct answers on the 
answer sheet. 
16. Atom smashing is: 
a. breaking the electrons from the nucleus 
b. the bombardment of the nucleus of an atom 
c. splitting an electron 
d. splittirg a proton 
e. changing the atomic weight or atomic number of an 
atom 
17. An atom: 
a. has a nucleus 
b. can be seen under the electron mi croscope 
c. is the smallest unit of mattei' which can exist 
by itself 
16. 
= 
d. may be destroyed by chemical means 
e. when combined with another atom forms a molecule 
18. An electron: 
a. is a positively charged particle 
b. is a neutral particle 
c. is a negatively charged paDticle 
d. revolves around the nucleus 
e. is found in the nucleus 
19. A proton: 
a. is a positively charged particle 
b. is a neutral particle 
c. is a negatively charged particle 
d. revolves arom1d the nucleus 
e. is found in the nucleus 
20. A neutron: 
a. is a positively charged particle 
b. is a neutral particle 
c. is a negatively charged particle 
d. revolves around the nucleus 
e. is found in the nucleus 
(Yne pre-test consisted of the above 20 questions. The 
post test consisted of the first 20 questions plus the 
following questions.) 
In this section there may be one or more correct answers. 
Place the correct letter or letters on the answer sheet. 
21. A high speed electron which is given off by a radio-
active nucleus is a: 
a. alpha particle 
b. beta particle 
c. gannna ray 
d •. proton 
22. The helium nucleus which is given off by a radio-
active substance is a: 
a. alpha particle 
b. beta particle 
c. gannna ray 
d. proton 
17. 
23. The helium nucleus consists of: 
a. 2 neutrons and 2 protons 
b. 2 neutrons and 2 electrons 
c. 2 electrons and 2 protons 
d. 4 protons 
24. \Vhen a high speed electron is given off by a radio-
active nucleus : 
a. a proton becomes a neutron 
b. a neutron becomes a proton 
c. the atomic number is increased by one 
d. the atomic number is decreased by one 
25. Some elements are found to be very unsvable naturally, 
and therefore disintegrate into other elements. 
Tney are said to be: 
a. transmuted 
b. radioactive 
c. tracers 
d. isotopes 
26. The naturally unstable elements usually have : 
a. a very low atomic number 
b. a very high atomic number 
c. an atomi c number from 35-50 
d . an atomic number anyv1here from 1-96 
27. Hov; many electrons does bromine have when found as 
sodium bromide? (Atomic weight 80, atomic number 35) 
a. L1.5 
l: i~ 
e. 46 
Fill in the following blank spaces on the answer sheet 
under the correct number. 
Atomic energy is the newest source of energy 
have because it comes from the (1) of an atom. 
Einstein said it was possible to change matter into 
In fact, he worked out a form.ula which was (~) 
we 
(2) 
18. 
• 
• 
~:ewo elements which when split release energy are uranium 
and • However, only one -~< 5c::;:...:..) _ of uranium will 
split and it was necessary to separate the two types. 
This was done by the governw_ent at (6) 
---· 
Some elements are not stable and are said to be (7) • 
This means they are alway-s giving off particles from the 
( 8 ) • \I'Then a ( 9) hits the nucleus of uraniULQ-235, 
it splits into (10) and (11) and 2 or 3 (12) 
These (13) in turn hit more 'atoms of U-235 and a 
----~(14) has started. The weight of the products which 
form when U-235 splits is less than the U-235 itself. The 
weight which vms lost has become ( 15) • When U-238 
is placed in an atomic pile, it eventually turns into 
( 16_L_ which then turns into (17) which can be used 
to release energy. This substance is made by the govern-
ment at • The bomb is put together at _ ___...( 18) 
( 19) _____ • Now they are testing atomic 
bombs at __ (20) 
• 
Choose the most exact definition for column A from coluwn 
B and place the letter of the correct definition on the 
answer sheet. 
Col-u..rnn A 
21. isotopes 
22. radioactive isotopes 
23. disintegration rate of a 
radioactive element 
24. isotope of hydrogen 25. atom smasher 
Column B 
a. plutonium 
b. tracer 
c. atomic fission 
d. atomic pile 
e. chlorine 35 and 37 
f. deuterium 
• 
20. 
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26. man-made element 
27. dangerous to life in 
l ar ge amounts 
28. minimum amount of uranium 
which could cause a chain 
I•eaction 
29. a controlled chain reac tion 
where energy is released 
slowly and there is no 
explosion 
30. splitting an atom 
g . critical size 
h. cyclotron 
i. half-life 
j. moderator 
k. helium 
1. gamma ray 
m. Geiger Counter 
31. Give the complete transformation of uranium to 
p lutonium. 
32. For the remaining time, pretend that it is up to you 
to decide whether or not to drop an atomic bomb on a 
large city. Make your decision and justify it. 
The city has 5 ammunition p lants and a population 
of 900,000. 
= =======*============================================================#========= 
21. 
ANSWER SHEET 
1. (b) Fill in 
2. (c) 
3. (a) 1. Nucleus 4. (b) 2 . Energy 
5. (e) ~: E equals mc2 6. (c) Plutonium 
7. (a) 5. Isotope 
8. (c) 6. Oak Ridge, Tennessee 
9. (d) 7. Rad.ioacti ve . 
10. (b) 8 . Nucleus 
11. (d) 9. Neutron 
12. (d) 10. Barium 
1,. (b) 11. Krypton 1 • (c) 12. Neutrons 
15. (a) 1,. Neutrons 16. (b e ) 1 • Chain I'eac tion 
17. (a c e) 15. Energy 
18. (c d ) 16. Neptunium 
19. (a e ) 17. Plutonium 
20. (b e ) 18. Hanford, Washington 
2·1. (b ) 19. Los Alamos, New 1vlexico 
22. (a ) 20. Nevada 
2~. (a ) 2 • (b c ) Matching 
25. (b ) 
26. (b ) 21. (e) 
27. (d ) 22. (b) 
2,. (i) 2 • (f) 
25. (h) 
26. (a) 
27. (1) 
28. (g) 
29. (d) 
30. (c) 
31. U-238 plus a neutron yields U-239 which is unstable 
and loses a beta electron leaving Nep tunium-239, which 
, 
is also unstable and loses a beta electron, leaving 
Plutonium-239. 
22. 
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QUESTIONS ON TP...E FILIVI "ATOMIC POWERn 
1. What countries took part in developing the atomic bomb? 
2. f fuy was the United States chosen to make the bomb? 
3. How many different nationalities were represented by 
the scientists who developed the bomb? 
4. Viho developed the first chain reaction? Vf.here was 
it tried? 
5. \Vhy is the speed of neutrons used to bonmard atoms 
important? 
6. Where are the industrial plants used to develop the 
bomb located? 
7. ~TILat does each plant produce? 
8. Vfnat part did the following men play in the develop-
ment of the atomic bomb? 
General Groves 
Vannevar Bush 
.i."{ . Oppenheimer 
A. Einstein 
J.B. Conant 
E • . Fermi 
H; Urey 
9. What organizations financed the Manhattan Project? 
10. Vfuy are the scientists who developed the bomb concerned 
about the future control of atomic energy? ~fuat did 
they do about it? 
OPTIONAL RELl1.TED ACTIVITIES 
1. Write a one act play on "One Vlorld Or None· u. 
2. Make a set of lantern slides describing atomic 
structure and atomic fission. 
3. Read ":Madame Curie" and write a report on it. 
4. Read "No Place To Hide" • 
. , 
5. Read 11 Hiroshima 11 • 
6. Make a three-dimensional model of an atom. 
7. Write a column of questions and answers about atomic 
energy for the school paper. 
8. Prepare an exhibit on atomic energy for the school 
bulletin board. 
9. Read 11 Davm Over Zero 11 • 
10. vVhere are uranium ores found? Discuss the implication 
of this. Is the United States the only nation who can 
manufacture atomic bombs? Vfllat should be done to 
control atomic energy? 
11. Prepare an assembly to show the rest of the school what 
should be done during an atomic attack. 
12. Look up and report on any of the following men: 
Einstein 
Dalton 
Rutherford 
Oppenheim 
Urey 
Moseley 
Fermi 
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LIST OF READING AND REFERENCE MNrERIAL FOR PUPILS 
The following list of books and pamphlets were placed 
on a table in the classroom for the pupils to use. 
TEX'J.lBOOKS 
Bayles and Miles. Basic Chemistry. Macmillan Co. 
New York. 1947. 
Jaffe. New 'Norld of Chemistry. Burdett Co. New York. 
1947. 
:McPherson, Henderson, and Fowler. Chemistry at Work. 
. Ginn Co. Hew York. 1948. 
Price and Bruce. Chemistry and Human Affairs. World 
Book Co. New York. 1949. 
Weaver and Foster. · Chemistry for Our Times. McGraw-Hill 
Co. New York. 1947. 
Wilson and Mullins. Applied Chemistry. Henry Holt Co. 
New York. 1947. 
BOOKS 
Blackett, P. M.S. Fear, War, and the Bomb. McGraw-Hill 
Co. New York. 1949 • 
Bodie, Bernard, Editor. The Absolute Weapon. Harcourt 
Brace Co. New York. 1946. 
Bradley, David. 
Boston. 
No Place To Hide. 
1948. 
Little, Bro\~ and Co. 
Campbell, J.W. The Atomic Story. Henry Holt Co. New 
York. 1947. 
Dietz, David. Atomic Energy in the Coming Era. Dodd, 
Mead Co. New York. 194.5. 
Hecht, Selig. Explaining the Atom. Viking Press. New 
York. 1947. 
Hersey, John. Hiroshima. Alfred Knopf Co. New York. 19L~6. 
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Johnson, Julia (compiled by). The Atomic Bomb. H. W. 
Wilson Co. Nevr York. 1946. 
Lang, Daniel. Early Tales of the Atomic Age. Doubleday 
and Co. New York. 1948. 
Lmvrence, William L. Dawn Over Zero. Alfred Knopf Co. 
New York. 1946. 
Los Ala~os Scientific Laboratory. rfhe Effects of Atomic 
Weapons. U.S. Government Printing Office. 
Washington. 1950. 
Smith, Fox, Sawyer, and Austin. Applied Atomic Po·wer. 
Prentice-Hall. New York. 1946. 
Smythe, Henry. Atomic Energy for Military Purposes. 
Princeton University Press. Princeton. 1946. 
Stout, W.W. Secret. Chrysler Corp. Detroit. 1947. 
Swing , Raymond G. In The Name Of Sanity. Harpers Co. 
New York. 1946 • 
. . 
Yates, Raymond. Atom Smashers. Didier. New York. 19L~5. 
PAMPHLETS 
Atoms, Ener gy, Electrons. 
pedia. Chicago. 
Reprint from Compton's Encyclo-
1950. 
Balderson and Hewes. Atomic Attack. f<liurray and Gee. 
California. 1950. 
Life Magazine Reprints: May 16, 19L~9 
Oct. 31, 1949 
Feb. 27, 1950 
Jan. 1, 1951 
Masters and Way, Editors. One 'il/orld Or None. McGraw-
Hill Go. New York. 1946. 
New York Times Reprint. We Are Not Helpless. New York. 
1950. 
Nucleonics Issue. Monsanto Magazine. vol. XXIV. No. 6. 
O' Neill, J.J. The Almighty Atom. Ives Washburn Co. 
.. Nev1 .York. 1945. 
____________________________ ............. .... 
The International Control of Atomic Energy. u.s. Gov•t. 
Printing Office. Washington. 19~6. 
Survival Under Atomic Attack. 
Office. Washington. 
u.s. Gov 1t. Printing 
1950. ' 
~bat To Do In An Atomic Attack . American National Red _ 
Cross. Washington. 1950. 
Each student had a copy of: 
Brownlee and Fuller. Elements of Chemistry. Allyn and 
Bacon Co. New York. 1946. 
Adventures Inside the Atom. General Electric Comic Book. 
Schenectady, New York. 
LIST OF Th~TERIALS AND REFERENCES FOR TEACHERS USE ONLY 
Billett, Roy o. Fundamentals of Secondary-School Teaching. 
Houghton Mifflin Co. Boston. 1940. . 
Getman and Daniels. Outlines of Physical Chemistry. 
John Wiley and Sons, Inc. New York. 1943. 
Hand, Harold c. Living In The Atomic Age. University of 
Lllinqis Bulletin. University of Illinois Press. 
Urbana, Ill. vol. XVIV, No. 23. Dec . 3, 194-6. 
National Association of Secondary School Principals . 
Operation Atomi c Vision. National Education 
Associati6n. 1948. 
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CHAPTER III 
CLi~.SSROOM PRESENTATION AND EVALUATION OF THE UNIT 
METHOD OF INSTRUCTION 
The methods of instruction consisted of the 
following: 
1. audiovisual presentation 
2. teacher explanation 
3. oral questioning 
4 . group learning 
5. individual learning 
6. pooling and sharing (committee reports) 
7. class discussion 
8~ evaluative activities 
DAILY LOG 
1st day: A moving picture, the March of Time film called 
"Atomic Power 11 was shown. Questions on the film 
were given out before the film was sho\vn, and 
were discussed immediately after it. 
2nd day: The Pre-test was given. Then a general intro-
duction to atomic energy was given by the teacher. 
Questions asked by the students were written on 
the blackboard and from them the committee topics 
were chosen. Pupils chose the con~ittee they 
\"fished. 
3rd day : Lecture by the teacher on atomic structure was 
given to be sure the pupils understood it. The 
pre-test showed that this was necessary. With-
out a thorough understanding of atomlc structure, 
it is almost impossible to comprehend atomic 
energy. 
4th day: The study and activity guide was given to the 
pupils. Half of the period was used by the 
teacher to explain the more technical aspects 
of the subject. The rest was used to get each 
committee organized. 
5th day: 1~e entire period was spent i n doing individual 
or group work. The te a cher answered questions 
from individuals or groups. 
6th 
7th days: The teacher spent the first part of each period 
8th answering technical questions. 1be remainder 
was spent in group or individual work. 
9th day: Committee reports by t he pupils. 
lOth day: Committee r eports by the pupils. 
11th day: A full period quiz was given. 
12th day: The quiz was returned and discussed. The teacher 
rounded up the unit. 
THE PRE-TEST AND THE FINAL 'I'EST 
The results of the tests and the intelligence 
quotients of the pupils are found in Table I. The first 
20 questions of the quiz constitute the pre-test and 
the post test. ?ne remainder of the questions was 
specifically aimed at testing the academic learning 
products in the field of chemistry, particularly. The 
other aspects of atomic energy were not included i n t he 
test as the social studies teacher p lanned to include 
them later in the year. Unfortunately, the t wo could 
not be coordinated or integrated. However, the last 
question, 11 For the remaining time, pretend that it is up 
to you to de cide whether or not to drop an atomic bomb 
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on a large city. :Make your decision and justify it. 
The city has 5 ammunition plants and a population of 
900,000." The answers showed that 12 students would 
o.rop it, 8 ·would not, and 4 didn't answer. No attempt 
had been made by the teacher to influence the students 
on this issue. 
DISCUSS ION AND EVALUATION OF THE UNIT 
~ne results of the test indicate that most of 
the specific learning products had been assimilated by 
the students, despite a poor teaching-learning situation. 
In addition to the poor physical layout of the classroom, 
the teaching of the unit was made more difficult by the 
uncooperative attitude of seven eighteen year old boys. 
Their attitude was one of complete disinterest toward 
the subject. ~neir energies were spent in trying to 
disruptthe class. It's my opinion that the boys expected 
to be drafted in the very near future and could see no 
necessity for app lying themselves in their school life. 
Tne rest of the class, although extremely soph-
isticated, did become interested in the unit, cooperated 
fully, and, according to them, enjoyed it. 
Many of the incidental and indirect learning 
products were attained. The students began to read 
newspaper articles on atomic energy, and became particul-
arly interested in radio programs dealing with the prep-
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aration for atomic attacks. 
The unit assignment seemed to be at their level, 
although the working habits of the class were very poor 
as illustrated by the number of pupils who dicl.n' t bother 
to do the assigrunent at all. The quizzes tested the 
objectives of the course. There was apparently no ambig-
uity or vagueness inherent in the questions as no diffi-
culties were encountered. Several of the pupils took 
advantage of the Optional Related Activities and read 
11 Davm Over Zero 11 , "Hiroshima", and 11 No Place To Hide 11 • 
Cmn."lli ttee work was not acceptable to the students 
and their attitude was one of displeasure when presented 
with t h e conrr~ittee assignment. They were not well-
trained in committee cooperation and some extremely 
immature work was done. 
My criticisms of the unit itself are concerned 
chiefly with the visual presentation. If a Geiger Cow~ter 
and ore specimens could have been found, radioactivity 
could have been dramatically demonstrated to the class. 
The moving picture that was shovm was not ne~rly as 
e~~ective as it could have been because the classroom 
vms extremely light and could not be darkened effectively. 
lhis discouraged me from using ~iLm strips and slides 
which would have added to the presentation of the unit. 
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ATOMIC ENERGY 
PUPIL STATISTICS ON PRE-TEST, POST TEST, FINAL TEST, 
ASSIGNMENT, and OTIS I NTELLIGENCE QUOTIENT 
Table I 
Otis Number ,,. rrong Assign-
Intelligence Pre-test Post test Final test ment 
Quotient 
125 L~ absent absent " .,, ... 
124 6 2 7 C plus 
123 9 3 7 B minus 
120 absent 3 13 B 
118 10 3 6 B plus 
117 5 1 4 -;~ 
117 6 7 27 " ")" 
117 13 6 11 A 
115 17 3 7 B.: plus 
114 17 8 19 C minus 
113 20 3 13 ~~ 
113 5 1 6 " 'i ... 
113 12 4 10 B plus 
108 23 10 33 C plus 
106 14 10 31 ~~ 
105 10 4 21 i~ 
104 13 5 22 B 
100 15 3 19 
* 
~H~ 14 9 36 -1~ 
Table I (con't) 
Otis Number wrong Assign-
Intelligence Pre-test Post test Final test ment 
Quotient 
~~ .. ;;. 15 13 42 ., ..,~ 
~~~~ 16 6 24 B 
~~·~- 16 3 13 A 
#.o"' ... l\ 22 9 36 ~~ 
·~~-::· ab sent 5 11 ;·A minus 
.. ;;-~ .. 10 5 17 -;~ .. 
·: ~1~· 8 7 28 c plus 
~~ - no vrritten assignment given to teacher. 
-:~ ·::· - no Otis Intelligence Quotient was available. 
The pre-test consisted of the first twenty questions 
of the final test. The fi gures under "post test" represent 
the number vvrong on the :first twenty questions only. The 
11final test" represents the number wrong on the entire test 
and includes the number v~ong on the first twenty questions. 
CONCLUSION 
There is no longer any question of ·justifying the 
teaching of atomic energy. Instead, the challenge is, how 
can atomi c energy, with all of its implications, be success-
fully taught so that it can be retained by the pupils 
of today? The unit me thod as described by Btllett2 
2. Billett, Roy o. Fundamentals of Secondary-School 
Teaching . Houghton Mifflin Co. New York. 1940. 
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has been demonstrated to be an excellent means of teach-
ing atomic energy. Perhaps the outstanding reason for 
its success is due to the large degree of individual work 
and participation during which the pupil learns for, and 
by, himself. Different and interesting reading material 
is available for all levels of intelligence. As a result, 
a pupil 1 s curiosity can be aroused in spite of himself. 
A student is encouraged to ask questions and to find the 
ansvlel"S himself, when possible. Comrni ttee viOrk results 
in increased self-reliance of the pupil which, in turn, 
helps him to gain confidence in himself. 
In conclusion, it is my opinion that the unit 
method is an excellent teaching method for the presenta-
tion of atomic energy in the b.igh school. It encourages 
the students to think independently, and in cooperation 
with each other, regarding a highly pertinent force at 
work in their environ~ent. It is felt that the unit on 
atomic energy, as presented in the Milford High School, 
did replace ignorance with knowledge, and fear with 
understanding. 
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CHAPTER IV 
A UNIT ON CHEMISTRY AND THE HUMAN BODY 
STATEMENT OF THE PROBLEM 
Chemistry for high school students is usually 
confined to the study of various elements, their occurr-
ence, preparation, and use. To a large extent, this is 
difficult to justify educationally. Studies on the 
Maount of knowledge retained from a typical high school 
chemistry course indicates little retention by those who 
go no further in science. Certainly, this is easily 
understood. The traditional type of chemistry course is 
not functional and is not related to the experiences of 
the pupils. Dr. Billett3 says: "Apparently, the topics 
which should be selected for a secondary-school chemistry 
course on the basis of a high degree of functionality, 
are almost as much physical or biological as they are 
chemical". Consequently, this unit was written in an 
attempt to relate chemistry to each student's ovm individ-
ual life. How many high school pupils realize that there 
is any connection between chemistry and their body? 
Superstition and ignorance on the part of the uneducated 
person results in misuse of the body, chiefly by the use 
of drugs and improper diet. 'r.he fact that the body is 
a natural chemical factory and without chemical reactions, 
there wouldn't be life, must be stressed. A little 
3. Ibrd. p. 280. 
knowledge which leads to an understanding of the body 
should correct many false assumptions. Students who 
have completed five months of chemistry should be able 
to understand some of the reactions of the body. 1bis 
unit was ~~itten in order to relate chemistry and the 
human body so that chemistry, itself, would mean more 
to the pupil, and the pupils would understand their 
physical selves better. 
THE LOCAL SITUATION 
Permission to teach 11 Chemistry and the Human 
Body11 to a chemistry class of 25 seniors in Milford 
Hi gh School was granted by the assistant superintendant 
of schools of Milford, Connecticut. This permission was 
necessary because I was not a member of the Milford 
public school teaching staff. The class assigned me was 
different from the one used in teaching atonrlc energy. 
It, too, was considered to be of above average mental 
ability by the assistant superintendant and their regular 
teacher. This was substantiated by the resu~ts of the 
Otis Quick Scoring Mental Abilities test of this class 
which ranged from 96-134, with a mean of 111. 
This class met in a regular classroom composed of 
movable chairs vd th arm rests. There were no desks for 
the students. The empty chairs in the back of the room 
were sometimes used by pupils who had free periods and 
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were sent there to study. This, too, was a result of 
the overcrowded conditions of the school. The attitude 
of this class was comp letely different from the first 
class. This was probably due to the fact that they 
didn 1 t feel they were learning much from the regular 
teacher and that here was a chance to learn something. 
1f.he boys in this class were interested in going to 
college, and the entire class was very cooperative. 
The classroom situation is illustrated in the diagram 
shown in Figure II. 
36. 
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FIGURE II 
DIAGRAM OF 'rHE CLASSROOM· I N Vffi iCH CHEMISTRY AND THE I-IUMAN 
BODY WAS TAUGHT 
~( - teacher 1 s desk 
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CI-L<\PTER V 
li1JIT ORGANIZATION OF rri-IE TOPIC CHEMISTRY AND THE I-WMAN 
BODY 
GENERAL STATEMENT OF THE UNIT 
The process of life in any form is dependent on 
continui~chemical reactions. The human body is composed 
of millions of molecules, e~ch of which plays an important 
part in the functioning of the body. We must supply the 
body v1ith oxyg.en and food so these reactions can continue. 
In other words, the hu•·nan body is the most fascinating 
and complicated example of actual chemistry at work . 
DELIMITATION OF THE TJNIT 
1. A living cell is made up of the elements: 
carbon, hydrogen, oxygen, nitrogen, sulfur, potassium, 
sodium, .calciu.m., chlorine, phosphorus, iron, and 
magnesium. 
2. 'lne molecules which make up a living cell are: 
pro teins, carbohydrates,fats, salts, and water. There are 
many specific chemical compounds, too, as illustrated by 
the vitamins and hormones. 
3. The nucleus of a cell is aLmost pure protein. 
4. The salts are usually found as carbonates, 
phosphates, or chlorides. 
5. Water composes the largest percentage of any 
living cell, ranging from 60-99 per cent by weight. 
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6. Proteins are necessary in order for a cell to 
grow or reproduce. 
7. In order to maintain life, it is necessary to 
supply the body with the following elements and compounds: 
oxygen, carbohydrates and fats for energy, proteins to be 
used in making new cells as well as a source of energy, 
the minerals, particularly sodium, potassium, calciuw, 
and iron, and vitamins. Some phosphorus and iodine must 
be given the body, too. 
8. Once the body has the raw materials which we 
feed it by eating and breathing, it can make new cells, 
get energy to exist, and therefore, continue living. 
9. Vitamins are chemical compounds which the 
body needs in order to function properly, yet it cannot 
make them. 
Vitamin A - needed to prevent night blindness. 
Vitamin B1- needed for nerve tissues. It is a 
coenzyme in the oxidation of an 
organic acid. If it accumulates,(acid) 
the acid poisons the tissues. 
Vitamin B2- helps vitamin B1 oxidize the 
organic acid. 
Vitamin C - necessary for the formation of the 
cement substance of bones and teeth. 
Vitamin D - necessary for the absorption of' 
calcium and phosphorus from the in-
testine. Regulates calcium and phos-
phorus metabolism, and therefore, is 
necessary to the growth of bones and 
teeth. Prevents rickets. 
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Vitamin E - thought to be necessary for normal 
reproduction. 
Vitamin K - necessary for the clotting of blood. 
Vitamin PP- necessary for tissue respiration and 
to prevent pellagra. 
10. Plants can make these vitamins, and animals 
can store them in their cells. A well-balanced diet 
should include foods which contain an adequate amount 
of the vitamins. 
11. Enzymes are usually proteins which act as 
catalysts in the body. They help a chemical reaction 
take p lace but are not a part of that reaction. 
12. Digestion is the process by which complicated 
food molecules are broken dovm by enzymes to small 
molecules which can then be absorbed by the villi. 
13. Starches, with the help of ptyalin in the 
saliva, and amylase in the small intestine, are broken 
do\vn into simple sugars. 
14. Fats, with the help of bile which emulsifies 
them, and lipase from the pancreas,are broken do\vn into 
fatty acids and glycerine. 
15. Proteins, with the help of pepsin (stomach), 
trypsin (pancreas), and erepsin (small intestine), are 
broken down into a~ino acids. 
16. Digested food enters the blood stream in the 
form of simp le sugars and amino acids. 
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17. Fats enter the lymph system as fatty acids 
and glycerine and they combine again to form fats after 
they have entered the lymph. 
18. Fat is often stored in layers near the sk in. 
19. Oxygen is carried by the blood by hemoglobin 
which is found in the red blood cells. It combines 
chemically, forming oxyhemoglobin. The iron is part of 
the hemoglobin molecule and is responsible for its 
oxygen-carrying ability. If, however, hemoglobin can 
choose between oxygen and carbon monoxide, it will com-
bine with the carbon monoxide, and death results due to 
lack of oxygen in the cells. 
20. A hormone is a specific chemical released by 
an endocrine gland directly into the blood stream. There, 
it may act on every cell in the body, or only on a speci-
fie group or groups of cells. Their action must be con-
sidered in relation to each gland. 
21. The pancreas makes a hormone called insulin 
which is necessary for the proper utilization of sugar by 
the body. If there is· not enough insulin, a deficiency 
disease, called diabetes,appears. 
22. The thyroid gland makes a hormone called 
thyroxin which contains iodine. A deficiency of iodine 
in the diet often leads to a compensatory enlargement of 
the thyroid called a sinrple goiter. Thyroxin regulates 
42. 
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the basal metabolism of the body and in this way, regulates 
mental and physical growth. 
23. The pituitary gland makes many hormones which, 
in turn, regulate the other endocrine glands. It is the 
master gland of the body. 
24-. The parathyroid gland produces a hormone vvhich 
regulates the calcium level of the blood. 
25. The adrenal gland is composed of two distinct 
parts. The medulla of the adrenal secretes adrenalin 
which acts similar to a group of nerves in the body. ~~e 
adrengl cortex is necessary to life, and seems to help 
control the use by the body of sugar, salt, and water. 
26. Glycogen, which is stored in the muscles and 
the liver, with the help of enzymes can break dovm into 
lactic acid and, release energy. This enables the muscles 
to do work. However, in order to take care of the accumu-
lated lactic acid, another chemical reaction is necessary. 
In this case, 20 per cent of the lactic acid combines with 
oxygen and becomes carbon dioxide, water, and releases 
some energy. The energy from the second reaction enables 
the first reaction to reverse itself. In other words, 
lactic acid plus energy in the presence of enzymes yields 
glycogen. The reason people breathe heavily at the com-
pletion of heavy exercise is to replace the oxygen so that 
the lactic acid can be oxidized. 
27. The chemical reaction up on which all life is 
dependent takes place in the green leaves of p lants. 
Water from the soil and carbon dioxide from the air are 
built up into glucose when l~ght and chlorophyll (an enzyme! 
are p resent. All food in nature is dep endent upon this 
reaction. 
PROBABLE INDIRECT LEARNING PRO DUCTS FOR PUPILS 
1. It is hoped that the pupils through participation 
in this unit will gain a realization of the danger of drugs 
to the body and p erhaps they will also gain some common 
sense regarding drugs which would outweight the desire 
to exp eriment with narcotics. 
2. It is hoped that the pupils will have less 
sup erstition in regard to disease and hormone disorders. 
3. It is hoped that the pupils will realize that 
a druggist is not a doctor and should not be used as one. 
PHOBABLE D1CIDEN11AL LEARNING PRODUCTS FOR PUPILS 
1. It is hoped t hat the pupils will also gain an 
app reciation of the amazing ability of the body to make 
such comp licated molecules . 
2. It is hoped that the pupils will gain an apprec-
iation of the fact that so far no one has been able to 
make a living cell in a laboratory. 
3. It is hoped that the pupils will have an 
·e 
understanding rather than a fear of the body. 
4. It is hoped that the pupils will realize 
that chemistry is meaningful in their lives. 
OPTIONAL RELATED ACTIVITIES 
1. Prepare a chart of the vitamins with the 
best food sources of each which could be displayed on 
the bulletin board. 
2. Look up viruses and report to the class on them. 
3. Find the nutritional contents of different 
breads and milk. Decide which has the greater vitamin 
and mineral content. Report your findings to the class. 
L~ . Try to make a model of a single cell and 
list the type of chemicals which would be found in each 
part . 
5. Discuss the relationship of soil and soil 
requirements to the vitamins. 
6. Find out the facts that led to the discovery 
of one or more of the vitamins. 
7. Describe a ngoiter belt" and tell what was 
done in order to prevent :its _, continued existence. 
-::- 8. Prepare a demonstration for the class showing 
that saliva does contain an enzyme which breaks down 
starch. 
* 9. Demonstrate to the class the Benedict 's 
test for determining the presence of sugar in the urine. 
41+. 
"'" 10. Demonstrate to the class the presence of 
protein in the urine. 
·::· Ask the teacher for further directions if you wish to 
do this project. 
LIST OF 1vtltTERIALS AND REFERKJ.\fCES FOR TEACHER 1 S USE ONLY 
Billett, Roy 0. Fundamentals of Secondary-School 
· Teaching. Houghton Mifflin Co. New York. 1940. 
Bodansky and Fay. Laboratory Manual of Physiological 
Chemistry. ~-th Edition. John \!Viley and Sons. 
New York. 1938. 
Carlson and Johnson. The Machinery of the Body. Univer-
sity of Chicago Press. Chicago. 1942. 
Harrow. Textbook of Biochemistry. W.B. Saunders Co. 
Philadelphia. 1943. 
Pattee. Vitamins and Minerals for Everyone. G.P. 
Putnam's Sons. 1942. 
Wertheim. Textbook of Organic Chemistry. Blakiston Co. 
Philadelphia. 1939. 
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THE UNIT ASSIGNMEl\fT 
The unit assignment consists chierly of the study 
and activity guide found on the following page. 
Committee work should be set up around the 
following general topic headings, \rlth each pupil being 
responsible for a specific problem to investigate and then 
to report his findings to the rest of the class. 
Narcotics: 
morphine 
codeine 
opium 
marijuana 
Drugs which kill 
sulfa drugs 
penicillin 
aureomycin 
Alcohol 
Nicotine 
Laxatives 
novo cain 
ether 
caffein 
infection: 
antacids 
mineral oil 
specific drugs 
Toothpastes 
ammoniated 
not arrnnoniated 
Mild pain relievers 
--aspirin 
anacin 
barbituates 
=======================-=~-~~-== 
STUDY AND ACTIVITY GUIDE 
Directions for the pupils: This is your assignment sheet. 
You may '\~Tork at your own speed and you do not have to 
work in the correct order. Your answers, which should 
be written in ink, will be due at the March 13th meeting 
of the class. If you wish to do additional work, ask me 
for a list of other activities. 
1. Your mother hasn't had any energy lately. 
She's tired all of the time so she went to the doctor. 
He tells her that she has secondary anemia and she must 
take iron tablets. &~plain fully to her why this 
should cure her. 
2. There is an article in the paper about a man 
who died of earbon monoxide poisoning. Explain chemically 
and physiologically why the man died. 
3. After running in an 100 yard dash, you finish 
and are breathing heavily. After about 5 minutes, your 
breathing has returned to normal. Explain what has 
happened inside your muscles from the time the race 
started until y01 .. 1r breathing was normal. 
4. All life is dependent on green plants. Explain 
this statement chemically and biologically. 
5. A person with gall-bladder trouble isn 1 t 
supposed to eat much fat in his food. Vihy? Be complete 
in your answer. 
6. Write a food menu for every day in the week. 
Be sure there is a sufficient amount of calories, 
vit9~ins and minerals. 
7. Write dovm everything you have eaten for 3 
days and determine the vit&~n, mineral, and calorie 
content. 
8. For one of the three days in question #7, 
record all your activities and the amount of time spent 
in each. Calculate the amOunt of energy you used up. 
Compare it to the amount of calories you took in and 
decide whether you should be gaining or losing weight 
accorcling to t he one day sample. 
9. The protein holds the secret of life. 
Discuss this completely. 
10. Diabetes is not a tru e disease. It is due to 
deficiency of a part of the body . Discuss this statement 
and also the disease. Can diabetes be cured? If not, 
what can be done for people who have it? 
11. Digestion breaks do\vn large molecules into 
smaller molecules. ~~at are the small molecules which the 
body can absorb, and from whaf large molecules do they 
c.ome? 
12. Discuss the role that iodine plays in the body . 
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FINAL TEST 
Place t h e letter of the correct answer on the answer 
sheet! 
1. Most of the hu.rnan body is made of: 
a. proteins 
b. carbohydrates 
c. fats 
d. water 
e. vitamins 
2. Certain chemical compounds which t h e body needs but 
can't make ~re called: 
a. hormones 
b. vitamins 
c. enzymes 
d. urea 
e. ptyalin 
3. Which of the following elements is not found in t h e 
'Qody'? 
a. nitrogen 
b. iron 
c. sulfur 
d. potassium 
e. lead 
4. All organic compounds must contain: 
a. carbon and oxygen 
b. carbon and hydro gen 
c. hydrogen and oxygen 
d. nitrogen and oxygen 
e. nitrogen and hydrogen 
5. The nucleus of a cell consists chiefly of: 
a. proteins 
b. i'a ts 
c. carbohydrates 
d. vitamins 
e. hormones 
6. Proteins usually contain the elements: 
a. iodine and magne sium 
b. iron and lead 
c. carbon, hydrogen, oxygen , nitrogen, and sulfur 
d. carbon, hydrogen, and oxygen 
e. sodium and calcium 
7. 1ne molecular weight of a protein molecule is approx-
imately: 
a. 100 
b. 500 
c. 1000 
d. 50,000 
e. 1,000,000 
8. The body has catalysts whi ch are called: 
a. fats 
b. vitamins 
c. enzymes 
d. carbohydrates 
e. minerals 
9. Minerals we must be sure the body has are: 
a. iron, phosphorus, calcium, sodiura, iodine, potassium 
b. iodine and bromine 
c. carbon, hydrogen, oxygen, and nitrogen 
d. magnesium, cobalt, and copper 
e. hydrogen, oxygen and potassium 
10. In the process of digestion, protein molecules are 
broken down into smaller molecules of: 
a. glycerine 
b. glucose 
c. amino acids 
d. fatty acids 
.e. gelatin 
11. Most of the digestive process takes place in the: 
a. esophagus 
b. stomach 
c. small intestine 
d. large intestine 
e. villi 
12. The gall bladder contains: 
50 . 
-==--""--= F --=-==~=c--
1 a. glycogen 
b. bile 
d.. enzymes 
d. vitamins 
e. urine 
13. Pepsin, an enzyme, works best when in an acid solution. 
Therefore, the stomach contains: 
a. sulfuri.c acid 
b. phosphoric acid 
c. nitric acid 
d. ace.t ic acid 
e. hydrochloric acid 
14. The enzymes which break down proteins are: 
a. ptyalin and amylase 
b. pepsin, trypsin and erepsin 
c. lipase and bile 
d. vitamins 
e. hormones 
15. The brealcing up of large molecules into small molecules 
in digestion is accomplished by: 
a. adding molecules of water 
b. adding molecules ofcocygen 
c. adding molecules of salt 
d. subtracting molecules of water 
e. subtracting molecules of oxygen 
16. Vv'hen a leaf makes sugar, its raw materials are: 
a. carbon dioxide and iron 
b. vitamins 
c. oxygen and carbon dioxide 
d. carbon dioxide and water 
e. nitrogen and water 
17. The vitamin which helps the eyes and prevents night 
blindness is: 
a. A 
b. B1 
c. PP 
d. c . 
e. D 
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18. The disease which can be described as having diarrhea, 
dermatitis, and dementia as symptoms is: 
a. beri-beri 
b. s curvy 
c. rickets 
d. pellagra 
e. diabetes 
19. Sunshine is an excellent source of: 
a . vitamin 
b . vitamin 
c. vitamin 
d. vitamin 
e . vitamin 
A 
~p 
c 
D 
20. Iron is found in the body in: 
a . vitamin C 
b. insulin 
c. thyroid 
d. hemoglobin 
e. bile 
21. If a person can't carry enough oxygen in his blood to 
give to his cells, he is said t o have: 
a. anemia 
b. goiter 
c. diabetes 
d. amnesia 
e. coma 
22. Diabetes is controlled by replacing insulin which the 
body can no longer make. Vfuere is insulin made in the 
normal person? 
a . liver 
b. kidney 
c. pancreas 
d. spleen 
e. adrenals 
23. Most of the iodine in the body is found in the: 
a. pancreas 
b. thyroid gland 
c. parathyroid gland 
d. pituitary gland 
e. adrenal . land 
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24. The ho~none which regulates the use of sugar in the 
body is: 
a. thyroxin 
b. ACTH 
c. insulin 
d. cortisone 
e. adrenalin 
25. The hormone from the parathyroid gland controls the 
level of in the blood. 
a. nitrogen 
b. phosphoru s 
c. iron 
d. iodine 
e. calcium 
Fill in the blanks on the correct space on the answer sheet. 
26. Mrs. Jones had a large swelling in her neck. She went 
to the doctor who said she had a a b caused 
by lack of c in her diet. 
27. Mr. Jacob s went to the doctor because he ·was always 
thirsty and had to go to t h e bathroom 2 or 3 times 
dur ing the night. He often had headaches, too. The 
doctor said h e had a as his b failed to 
make enough 
_..;....c_. 
28. In t h e process of di gestion, c arbohydrates are broken 
dovvn into smaller molecules of a b , fats are 
sp lit into 
_.;:;..c _ _9,_ _ _ and ~~-' and proteins are 
broken do\m into r g 
29. Glycogen is made of b and is stored i n the 
---
a 
c and 
_...:;;d_. 
30. Carbon monoxide is fatal to humans because it combines 
with a and therefore the cells don't get enough 
b and they die. 
31. Energy is produced in the muscles when --~a-- breaks 
dovm into 
_b.;;;._._ -~c_. 
32. British sailors are called limeys because they ate 
limes in order to prevent a · • 
33. Write the equation for making sugar in the leaf of a 
p lant. Include the conditions which are necessary for 
the reaction to take place. 
3~. Give at least 3 uses for proteins in the body. 
35. We must be sure to supply the body every day with 
an adequate amount of: a. 
---b. __ _ 
c. __ _ 
d. __ _ 
e. __ 
f. __ _ 
g . __ _ 
Place the letter of the system (column B) to which you 
think the organ (colmm1 A) belongs in the space opposite 
the ntunber of the organ on the answer sheet. 
c 0 1 UllL."l A Column B 
Organ System 
36. 1. larynx a. digestive 
2. heart b. respiratory 
2· large intestine c .• circulatory 
LJ. · kidney d. excretory 5. brain e. nervous 
6. eye 
7. cap illary 
8. esophagus 
9. bladder 
10. lunrr 
55. 
Lack of the item in Column A 'results in a disease which 
may be found in Column B. Place the letter of the 
disease in the space opposite the number of the item on 
the answer sheet. 
Column A Column B 
37. 1. iodine a. scurvy 
2. vitamin D b. rickets 
~: vitamin c c. pellagra iron d. sLmple goiter 5. insulin e. anemia 
f. diabetes 
g. night blindness 
38. Vihat is the function of the pituitary gland? 
39. vv.hat is meant by basal metabolism? How is it regulated 
by the body? 
40. Name three glands which produce hormones which control 
sugar metabolism. 
ANSVVER SHEET 
l. 
2. 
': .5.
6. 
7. 
8. 
9· 
10. 
11. 
12. 
13. 
lL~. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2;3. 
24. 
25. 
(d) 
(b) 
( e ) 
(b) 
(a) 
( c ) 
(d) 
( c ) 
(a) 
(c) 
( c ) 
(b) 
(e) 
(b) 
(a) 
(d) 
(a) 
(d) 
(e) 
(d) 
(a) 
(c) 
(b) 
( c ) 
(e) 
26. a. simple 
b. goiter 
c. iodine 
27. a. diabetes 
b. pancreas 
c. insulin 
28. a. simple 
b. sugar 
c. fatty 
d. acids 
e. glycerine 
f. amino 
g. acids 
29. a. simple 
b. sugars 
c. liver 
d. muscles 
30. a. hemoglobin 
b. oxygen 
31. a. glycogen 
b. lactic 
c. acid 
32. a. scurvy 
36. l. 
2. 
4: 
.5. 6. 
7. 
8. 
9. 
10. 
(b) 
(c) 
(a) 
(d) 
(e) 
(e) 
(c) 
(a) 
(d) 
(b) 
37. 1. (d) 
2. (b) 
;3 •• (a) 4 (e) 
5. (f) 
Ll_o. pituitary 
pancreas 
adrenal cortex 
33. 6 H20 plus 6 C02 in the presence of 
light and chlorophyll yields 
C6H12o6 plus 6 02 
34. a. nucleus 
b. enzymes 
c. source of energy 
35. a. carbohydrates 
c. fats 
e. minerals 
g . oxygen 
b. proteins 
d. vitamins 
f. water 
38. The pituitary regulates the other endo~rine glands: 
the thyroid, pancreas, adrenals, and sex glands. 
39. Basal metabolism is measured by the amount of oxygen 
the body consumes at a basal level. Controlled by 
th ;roxin. 
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CHAPTER VI 
CLASSROOM PRESENTATION AND KvALUATION OF THE UNIT 
METHOD OF I NSTRUCTION 
Unfortunately, there was little available source 
material on the relationship between chemistry and the 
human body aimed at the high school level. Thel"efore, 
it was necessary for the teacher to dominate the unit. 
The unit material was covered chiefly through lectures. 
Fortunately, the pupils wei•e not afraid to ask questions 
and there was a considerable amount of group discussions 
resulting from their questions. Because of the lack of 
suitable material for the students to use, there was 
little opportunity for individual work during class time. 
It wasn't possible to obtain any audiovisual aids to 
help present the tmi t. Consequently, the teacher present-
ed most of the material to be learned to the students. 
The pupils were requested to take notes when possible. 
Some · duplica::t·ed . material (see app endix) was given 
t hem by the teacher to take the place of reference or tex t 
material. The time allotted to the unit was twelve 
forty minute periods. 
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PUPIL STATISTICS ON THE UNIT ASSIGNMENT, FiliAL 'l1EST 
AND OTIS I NTELLIGENCE QUOTIENT 
Table II 
Otis Unit Number wrong 
Intelligence Assignment Final test Quotient 
134 A 3 
129 A minus 5 
127 B 6 
126 A 5 
12.5 A 7 
121 B minus 3 
119 B Jl~ 
lll.t. A minus 10 
114 A minus 19 
112 C plus 24 
111 C minus 8 
111 ~i- 1.5 
111 ~~ 21 
110 A 6 
110 ~} 21 
110 ·J~ 17 
109 B 12 
108 B 17 
106 .. ~~ 11 
58. 
Otis Unit 
Intelligence Assigrunent 
Quotient 
105 c plus 
105 A minus 
101 c 
96 c minus 
~~ B plus 
~~ B 
* - no values were av~ilable. 
DISCUSSION AND EVALUATION OF THE UNIT 
Number wrong 
Final test 
28 
22 
23 
9 
12 
The handicaps encountered in presenting this 
unit lay in two directions. The . ~~it is too complex and 
too long to be accomplished in twelve forty minute periods. 
In addition, the pupils had different amounts of back-
ground knowledge about the organs of the body. This 
necessitated at least one period of basic explanations. 
Because of the short time a va ilable to me, and the lack 
of reference material, it wa s i mpossible to carry out the 
committee work on drugs. Four week swould have been a 
better time allotment for this unit. 
The present lack of available material on this 
subject aimed at t h e pupils' level created a difficult 
situation. The students were not used to taking notes, 
yet much of t he materia l to be learned had to be explained 
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by the teacher. Consequently, many of the difficulties 
which arose in mastering the subject matter, could be 
directly related to inaccurate notes. The other factor 
was sickness. If a student wa s absent, it was extremely 
hard for him to get a clear understru1ding of the area he 
missed. Actually, this was an excellent prevue of college 
for these college preparatory seniors, but it decreased 
the effectiveness of t he unit itself. 
Fortunately, t h e students were very much interested 
in the subject. A regular teache:e could have really done 
some excellent projects with the class, and I feel that 
this unit has great potentiality. 
PUPIL EVALUATION OF METHODS AND TOPICS 
The students were aske d to comment on t he unit at 
t h e last meeting of the class, and their comments agree 
with my own evaluation. They thought: 
1. that this subject should be taught in high 
school. 
2. it was quite hard and complicated, and there 
was not enough time to study it. Consequently, 
t hey didn't feel they really assimilated all 
of it. 
3. they would lik e to have some sort of textbool{ 
or reference material; taking notes was hard 
and sometimes confusing . 
6o. 
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4. they liked the subject and were interested 
in it. 
CONCLUSIONS 
This unit is a true challenge to a chemistry 
teacher. Teaching it involves condensing and simplifying 
physiology , organic chemistry, and biochemistry and 
presenting it in a meaningful way to high school students. 
It is made more difficult because there is very little 
ma t erial for the pupils to use. Yet, it is a topic v;hich 
is vital to the physical and mental health of every 
individual. The students are interested in learning more 
about the body. The need is there, and t he interest is 
there. If is up to the teachers to present it, and it is 
hoped that this unit will encourage others to accept the 
challenge . The results are well worth it. The pupils 
are eager to know, and are ready to follow you as far 
as you can lead them. 
APPENDIX 
DIGESTION 
~- ~.· .: ~'· ~ . 
. .. . . . ... 
. ~ .. 
. I .... . .. ~ '• . • . 
. ' ·: · · Befofoe the food · vm eat can 'be used by the body ... it must; be 
broken down chemically into smaller molecule s~ This chemical 
breakdown is accomplished in ·the body by meaEs of enzy.mes" 
.Enz:ymes are Pl"ote:'l.n molecules whlch are made by tho ce lls of the 
body and act as catalysts .. That is !j they aren t t used up in the 
chemical reaction 9 but they must be present for the x•eaction to 
take place~ · 
Food generally cons:'l.st~s of :tb.Pee groups of chemical compounds , 
fats, carbohydrates _, and proteins .. Befol"e they can be absorbed 
into the blood stream, they must be made into smaller molecules ., 
In the case of carbohydrates, they must exist as simple sugal"' 
before they are absorbed. The bi'eaking down of the lax•ge cal"bo-
hydrate molecule which is called starch, usually begins in the 
mouth with an enzyme called ptyalin., 'I_ll1.e enzyme is made by the 
salivary glands and can break down starch as .far as maltose, 
which is a double sugar .. Digestion of starchand sugar is com-
pleted in the intestine with the help of amylase,, an · enzym.e from 
the pancreas . In addition, sucrase and lactas~ from the walls of 
the small intestine, break dowri the double sugars into simple . 
sugars.. The simple sugar is the end product of all carbohydrate 
digestion and, when formed, can be taken into t;he blood stream 
through the villi of the small intestine .. 
Fat digestion doesn ' t begin until the fat or oil reaches the 
small intestine .. Here, bile from the liver emulsifies the f'at , 
Bile is stored "Lmtil it is needed in the gall bladder ., The bile 
causes the large globule of fat to break up into many smaller 
globules, but the molecules themselves are not changed .. Emulsifi-
cation is a physical .!! not a chemical change .. Th is means that there 
is mor·e surface of the fat available for the fat enzyme , which is 
lipase 9 to work on .. Lipase, which is secrete'd by the pancreas " 
breaks down the fat molecule into .fatty acids and glycerine .. 
Both the fatty acids and the glyceJ:>:lne may ·then be absorbed by 
the lymph vessels in the villiQ 
Protein digestion begins :ln the stomach where the enzyme 
pepsin is producedG The stomach also contains hydi'ochloric acid 
as pepsin is more effective in an a d1d medium" The prote5.ns al"e 
completely broken down in the small intestine where the pancr•ea tic 
enzyme , trypsin, and the intestinal enzyme, erepsin , are active ~ 
TI+e end product of protein digestion are the amino acids which 
can be absorbed by the villi., 
A. starch molecule may be considered to be made of at least 50 
units or molecules of simple sugar.. The chemical f'ormula f'or sugar 
is C6H12o6 while that of starch is (C6H1oOc::lx• This means , then, that each sugar molecule connects with another molecule and one 
molecule of' water is removed. The opposite of' this occurs in 
digestione The starch, in the presence of enzymes, addt: water where 
the molecules joined originally, and theindividual sugar molecule 
remains. The chemical reaction, then, is: starch plus water, in the 
presence of enzyme$ , beaomes simple sugar. 
Dig•L•stion co:o:c:Lnued 
Tb.e same type of J:>eac tion occurs with t he fat" I n d:l.gestion , 
t:b...r ee molecules of wat er are adde d to one fat molecule , and 1 in the 
presence of lipase , one mo lecul e of glycerine, an d t h:r•ee molecules 
of fatty acids are f ormed. 
In the case of the protein , there are many different amino 
acids, yet the principle is the same .. The -protein molecule plus 
water, in the presence of enzymes , become amino acids Q 
Therefore , it can be seen that digestion i s really the process 
of adding H20 to complicated molecules forcing them to break down 
into their simpler units. This seems simple, yet only enzymes 
can accomplish this e~sily at a low temperature . 
ABSORPTION 
Once the amino acids, fatty acids and glycerine, and simple 
sugars are taken into the blood stream, the reverse of the above 
chemical reactions may take place although different enzymes are 
involve do 
Sugar goes to the liver wher'e i t is stored as a s tarch called 
glycogen., In this reaction, about 50 sugar molecules connect with 
each other , splitting out 49 mole cules of water , in the presence of 
enzymes ~ and becomes glycogen. 
_ 2.be fatty acids and g;Lycerine usually join together almost 
as soon as they reach the lymph ves sels and fat is stored as a 
fat molecule. The chemical reaction is : 3 fatty acids plus one . 
molecule of glycerine , in the presence of an enzyme~ gives one 
molecule of fat and 3 molecules of watero 
Amino acids are taken all over the body and used by the cells 
to build up new tissue. They may be made into the nucleus of the 
cell, intb enzymes , or as ·part of the outer part of the c6ll o 
In any case, there are about 22 amino acids which may be built up · 
into proteins. Each cell will use those that it wants and will 
connect them in the correct orger to make a specific protein. This 
ability is one of the most amazing in all of nature. Enzymes play 
an important role in these reactions, too. In this case too , amino . 
acids, in the presence of enzymes , become proteins and many molecules 
of water are released. 
Some of the greatest secrets which the body still keeps, is its 
ability to make complicated molecules or break them down only by 
adding or removing molecules of H20• Enzymes are the secret, for · 
without enzymes, .it would be impossible. 
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EXCELLENT FOOD SOURCES OF THE VITALIIHS 
Vi tamin A 
·Butter 
Cx•eam 
Whole milk 
Eggr 
Liver 
Cod .. -·J.lvar ol1. 
Salmon 
Yitam:Ln R? 
Liilk 
Che·s-De 
Eggs 
vit .. A!l ConYt.., 
Th:I.n g~eeen le .G.VL?S 
Green vegetables 
Yellow vegetab les 
Toms~toe:s 
V:i t.sJ11i.n .C 
Cit1.,us fruits 
Le.g.:.:J. m11.s cl<a metlts 
Li-ver 
Tomatoes 
Berries 
Cabbage 
Gre1;,n lec.v-os G-reons 
Germ part of cereals 
Nico t in.:t c Ac~.d 
or Niae:ln 
or Vit., PP 
I.Ii1k 
Liver 
Lean neats 
Fish 
Egg~~ 
Tomatoes 
Peas 
Fresh fruits 
VitamirLB~ 
Le 9..Yl ~:JOr k 
Liver 
Egg yolk 
O-y·st (~l.-"' 8. 
I.Iilk 
V\1110 le gl"·.?.ins 
Beans 
Vi tamin D 
Cod liver oil 
He·n·,. ·1 r c· 
-- --~o 
SardJ!:nes 
;3.&. lwon 
sme.l :L amount in ; 
milk 
cream 
butter 
eggs 
RECOUBEHDED Dl-\ILY ALLOWANCES FOR SPECIFIC NU'."CRIEN'l1S 
vit ~ B1 Peas 
Huts 
Fruits 
Vegetables 
Comrni ttee en Foods and Nutritiorr:;1 National Hesea:r'ch Council, 19L!_l 
Girls Boys 
13-15 16- 20 13-15 16-20 
Calories 2800 2400 3200 3800 
Proteins, grams 8o· 75 85 100 
Calc i um, grams 1 .. 3 1 . 0 1 .~- 1,4 
Iron, mg. 15 15 15 15 
Vitamin A IoUo 5000 5000 5000 6ooo 
Vitamin B 1 .. 4 1.2 1 .. 6 2.0 
Vitamin B~ 2 .. 0 1 .. 8 2 .. 4 3 .. 0 
Vitamin C 80 80 90 100 
Vi t amin D ? ? ? ? 
Nicotinic 
. (niacin ) 
Acid 14 12 . 16 . 20 . 
( vitamin PP ) 
i. rcr~:B I:.~~- I VE V!L1~UES IF FOODS 
V/ 
l!.l 
-
Pood · r.::: Ap~9ro.x .. 0~a~s o M1nP~a1q Vi t r.nrd 1'1 8 r--_  __  .. \ . __ ~---· - ·-L c .... ~ ---··-· ~- - c ._J. ____ , ~ 
rJa tel•ia.l Am.ou.:a.'ii . ' ~ 1 \ I I :.~ I - • Pr .. F Cnr' ,. C Ca P Fe '·A Bl c D B2 PP I_ 
Apples 
125 55 e baked wi th 
1 -sm. & 0 1 29 ~ 007 .. 013 .. 0003 20 20 
sugar 1 tbsp ~ 
sugar 
11.~ 6L~ f resh 1 smo 0 1 ., 007 1> 012 ,.0003 75 15 100 10 
2" diam 
Apricots 6 halves 1 0 17 70 .. olL~ ~ 025 ., 0003 
oanned 
Asparagus 12 stalks 2 0 4 26 .. 021 ., 0~_0 ., 0010 700 70 700 40 
fresh 
Bacon 15 sl .. 20 50 0 530 ~ 013 .. 248 .. 0035 15 33 " 0 
crisp 
Bananas l 6),_11 long 1 0 20 <1 85 .. oo8 .. 028 .. ooo6 300 15 200 30 
Beans 
bake d, can one- third 7 3 17' 119 .. 062 .. 185 .. 0020 
cup 
lima , fresh five - eights? 0 22 116 .,028 .. 133 .,0024 500 115 6oo 100 
cup 
str:i.hg ~ l cup l 0 4 20 ., 055 ., 059 .. 0012 b:o~ n-
socked 
Beef 
hrunburg 2 cakes 12 5 0 94 Q 007 g 129 ,.0018 J\ ~~ .. ~~ .. ~~ 
liver ;~·i} 3~: · 22 10 3 190 ~011 .,368 .,0082 9000 75 750 45 6oo ~~-~~ 
r oast 28 6 0 166 ~016 ~302 .,00~2 
s teak 1 pc ~ 12 8 0 120 .,007 Q 129 .,0018 
2x3xl in 
Beets 1 cup sl .. 2 0 8 40 .. 028 .. o42 .. oooa 2 
Bread · 
white J.. sL 3 0 16 76 .,009 . 029 .. 0002 tr., 6 0 " ":. \" 
whole sl .. ..., 1 15 74 .015 .. 0~-5 .. ooo6 tro 30 0 9 ..!.. .:> 
wheat 
rye l sl . 3 0 16 76 .. 007 ~0~ .ooog tr. 21 0 
Broccoli ?/8th cup 3 0 6 37 .. 140 . o . .,001 9000 66 lL~oo 75 Brusse11 7 , 1·~- daim.l 0 3 15 . 027 . 120 .. 0011 200 1500 
s~arouts 
Butter• one souare 0 9 0 38 .. 001 .,001 .00001 120 0 4 
Cabbage 
2/~ 6 a0006 cooked cup 2 0 30 "023 ., 015 
r aw 3/LJ. cup 1 0 2 14 .. 023 .. 015 .. ooo6 
Candy 3-3- oz $ 0 0 96 391 
N.arro·t;s 2/~ cup 1 0 6 30 Q045 .. oL~l .ooo6 
f resh 3/ cup 1 0 9 1~6 .. 045 ,. Ol.i.1 . ooo6 2100 20 100 20 tr ., 
. auliflower 3/4 cup 2 0 ~- 25 .,022 . o6o ~0009 
heese , Amer. 3 cubes , 29 36 0 41~0 a930 . 701 .. 0013 2000 15 - 0 - 250 
1;;-" sq . 
cream 273 cup 19 27 2 325 .. 36 . 26 .. ooo5 2100 0 
Cher ries 25 smal l 1 0 21 90 ,.01 ,. 02 ,.0003 
cooked 
Ch:'Lcl{en 2 sl . 
·3 2 17 104 ., 017 .. 047 .. ooo4 
broi1e:O. 
Cocos. l tibsp ~ 2 2 3 35 . oo8 ., 050 .,_0002 
Corn , canned 
Corn flakes 
Cream , whip 
Eggs ) whole 
Frank:furtex•s 
French dress. 
. elatin 
\j·r2.pefrui t 
juice 
Haddock 
Ham 
fresh, l ean 
Honey 
Ice Cream 
J'run 
Lamb, leg 
chop 
Let tuce 
rii.acaroni 
Mayonaise 
Mi lk 
Noodles 
Oatmea l 
R,> (:'("(.),.,, 
u'i'V'C'-•.1'\T 
3/8 cup 
l/2 cup 
2 tb sp. 
2 
2 
1 -cssp~ 
1 tb sp. 
? slices 
L cup ~G- cup ts ., 
sla 
1 large 
10 leaves 
3/4 cup 
1 tbsp. 
-i~ cup 
3/4 cup 
--1 ~ \f) 
.: ~ t! 1 ·c 
u ~ J"' • 
-1-c--' C <f 0 0-.J~ J~~--(.Q 
n.: I! \J'-' \j' 
i <..J u 
3 0 19 '101 
1 0 12 52 
1 12 1 115 
12 10 o 1L~o 
19 19 0 251 
0 10 0 90 
6 0 0 23L. 
1 ·0 9 6 
o o 10 L~o 
6 0 0 25 
25 14 0 230 
0 0 81 ' 335 
3 15 18 219 
0 0 so 200 
20 13 0 193 
22 30 0 356 
1 0 2 10 
3 2 16 91 
0 15 0 135 
3 4- 5 . 72 
2 2 Cli6 90 
•1 ..., 
2 ~ f. -~ .j ~ u~ n..cr-
.. oo7 .. 10 
., 002 ., 017 
.003 .. 002 
.. 063 .. 224 
.. 01 .22 
"' f 
v ~ 
'"'· ~ 90004 
. 0004 
.0001 
.0031 
.0025 
. c.021 ~ 020 .. 0003 
a027 .,020 ., 0002 
.. 007 .. 069.0003 
.. 02 .. 24 .. 003 
.. oos:· ~ OQ8 ., 0007 
.. oB .o6 .. 002 
.011 .207 
.013 ,237 
.. 069 .028 
• oo4 .024 
.002 .. 00.5 
"119 • 093 
.. 0015 
.. 0033 
. 0015 
.0002 
.. ooo6 
.,0002 
cooked 10 tbsp. 5 2 20 120 .004 . 02L Q0003 
Oleomm"glil"ine 1 tbsp. 0 14 0 126 • 003 • 003 .. 0003 
Olive oil or ~ cup 0 100 0 900 
Oa&&a~ oil ? med9 1 0 5 25 s041 ~047 
Orange juice 2 cup 0 0 14 55 ~ 024 .018 
Oranges 1 sm... 1 0 12 50 • 024 • 018 
Peache s , can 2 halves 1 0 11 50 ~ 009 ~013 
Peanut buttel'' 6 tbsp. 29 27 17 623 .. 067 .. 395 
Pears 9 can 2 ah1ves 0 0 18 70 ~ 009 .018 
Peas 1 g~een ~ cup 4 0 19 55 Q014 .070 
Pineapple, can 2 sm. al ~ 0 0 3o 145 .005 . 009 
Pork chop 1 lar~e 20 19 0 252 c006 clOB 
Pot;at o 1 baked 1 , 2x~11 3 0 20 92 • 013 .. 053 
and boileq. 
sv.re(~t 1, 2xL~ 11 3 
Poultry 2 s l a 25 
P:rune s , Cook 7 1 
Rais ins 9 seeded 3/4 cup 3 
Rice, steamed 3/4 cup 3 
Spaghetti, co ok -'& cup 3 
Spinxach ft cup 2 
180 . 020 .. 045 
190 ;)' 015 "270 
90 .. 02 .. 03 
345 .. b64 .132 
120 .. oo1 .. oos 
so .. oo2 .. 015 
25.,078 . o46 
20 
. ooo4 
.. 000~. 
.. oooL~ 
.,0002 
. 0020 
~ 0003 
., 0011 
a0003 
. 0015 
.0010 
.0008 
.0038 
.. 001 
.. 0021 
. 0001 
. 0001 
., 0026 
Sugai', p.;ran" 1 tbs ., 0 
;t,oma to ~ulce } cup 0 
. .A.omatos , fresh . l 2}1f diam 
2 }+2 
10 0 
0 22 
3 76 
0 27 
0 17 
0 ' 4 
0 5 
0 3 1.5 .. 007 . o15 .. ooo4 
~ or ca~ned ~cup . 1 0 4 
Tuna fish can fl. cup 2~- 20 0 
Turnip 3/4 cup 1 0 7 
Veal 4 sl. 22 8 0 
20 .,007 
275 .,034 
33 .. o56 
160 " 013 
.021 
.. 290 
.047 
. 237 
.. ooo4 
,. 0014 
.. 0005 
.. 0033 
tr 
1000 50 0 260 110 
0 23 850 t r .. 
0 28 990 tr . 
trc 400 125 
550 4 20 22 
1~ 
4000 25 2.50 
-lit 
36 1 
110 20 25 
350 30 .900 
225 25 900 
75 
3 
2 75 
* 250 200 
10 15 50 20 
90 25 500 l2 
tr . 400 75 
31 40 250 15 
3500 30 400 30 
~~ ~t-
50 30 
1000 25 L~5o 
1000 25 450 
.;r ~~ 
20 12 6oo 
~} 10 ~} 
20 ~~ .. 
20 
.. 
~( 
12 . .,~ 
100 
-: ~ means thel"'e is &. t least a trace of this in the food mentioned 
t r .. 
. ·~~ .. 
.l . 
E'NEHGY OUTPUT PE!.=-t ICILOGRAI.i ( 2" 2 pm .. mds) OF BODY VIEIGHT 
PER HOUR F'OR DIFFEHEIJT ACTIVITIES 
Activities i nc i dental to 
e ver yday l i vi ng 
Basal needs 
Sitt i ng qui et l y 
Eat i ng . 
vVri ting 
. Standing relaxed 
Dressing 
DJ."' i ving automobile 
Walki ng (3 miles per hour ) 
Running · 
Goi ng downstairs 
Going upstairs 
Activi ties involved i n 
housekeeping 
Sewing , hand 
Sewing , machine 
Knitting 
Paring potatoes 
Dishwashing 
Ironing 
Laundering 
Sweeping with broom 
Vacuum cleaning 
Activities involved in 
val"ious trade s 
Bookbinding 
Tailoring 
Typing rapidly 
Shoemaking 
Pai nting 
Carpentry 
Stone masonry 
Sawing wood 
Activi ties involved in 
recreation 
Reading aloud 
Si nging 
Playing the piano 
Bicycling 
Dancing 
Skating 
Ping-pong 
., 8 
~ 9 
1 .. 0 
1 .. 0 
1 .. 3 
2.,3 
4 .. 7 
5 .. 7 
.Swimming 
• Add 6% to the estimated requirement to allow for the effect of JBood o 
F'rom the Yearbook of Agricultlire ~ 1939. United ptates Department of 
Agriculture . p .. 163,. 
